This paper presents the results of a study on the indigenous knowledge of local medicinal practitioners known as Vaidhyas and other knowledgeable people of Govind Pashu Vihar Wildlife Sanctuary. The purpose was to document indigenous knowledge of medicinal plants and develop strategies for their cultivation to sustain the traditional healthcare system and livelihood of the rural inhabitants. Since knowledge of uses of various medicinal plants is confined to mostly traditional herbal healers, it is of utmost importance to document this knowledge for future generations. We have documented 33 plant species belonging to 32 genera and 28 families used traditionally to cure 28 diseases. The paper also analyses the linkages of various institutions working for medicinal plant cultivation, along with opportunities and constraints in this sector. A survey was conducted to collect information regarding medicinal plant cultivation and the possibilities of cultivating species in the area. The perception of local people on illegal harvesting and cultivation options of medicinal plants in the area is also discussed.
Introduction
Traditional herbal remedies have always played a key role in the healthcare systems, all over the world. In India, the native people still exploit a variety of herbal plants for curing various types of ailments. It is estimated that 70-80% of people worldwide rely chiefly on traditional healthcare systems and largely on herbal medicines (Farnsworth and Soejarto 1991; Pei 2002) . The contribution of medicinal plants to the health of rural people in the Himalayan region is extremely important because most of the population still rely on traditional healthcare systems (Maikhuri et al. 1998b; Nautiyal et al. 2005; Phondani 2010 ). Knowledge of herbal medicines is gradually being lost, although some traditional herbal practitioners are still practicing a traditional system of healthcare systematically and effectively (Maikhuri et al. 1998a) . Primitive people have acquired knowledge about medicinal properties of plants by trial and error, and have made an outstanding contribution to the origin and evolution of many traditional herbal therapies in the Himalayan region. Documentation of indigenous knowledge and evaluation of the use of plants for a variety of purposes assume greater significance, not just to retain it, but also to keep it alive and make it available for future use because of rapid socio-economic and cultural changes that are taking place across the traditional community of the region (Maikhuri et al. 1998b; Kala 2005) .
But recently, decreasing populations of medicinal plants in the wild due to illegal exploitation have led to discussions among conservationists, ecologists and scientists (Maikhuri et al. 1998a; Singh 2002) . Several medicinal plants have been listed as endangered, vulnerable and *Corresponding author. Email: vikramsnegii@gmail.com threatened due to over-exploitation, reckless harvesting from the forest and alpine meadows (Maikhuri et al. 1998a; Uniyal et al. 2000; Uniyal et al. 2006) . With the realisation that some wild species are being over-exploited, several agencies are recommending that wild species be brought into cultivation (Lambert et al. 1997; BAH 2004) . Cultivation of medicinal plants is widely viewed not only as an option for meeting current and future demands for large-volume production of plant-based drugs and herbal remedies but also as a strategy for relieving harvest pressure on wild populations (FAO 1995; Lambert et al. 1997) . Therefore, cultivation and conservation of medicinal plant is a prerequisite to sustain the traditional healthcare system not in the region but throughout Uttarakhand State as well. The conversion of socio-cultural traditions and indigenous knowledge into livelihood means and economic opportunities also has the advantage of preserving rapidly eroding indigenous knowledge and practice. This study is an attempt to document indigenous knowledge of local medicinal practitioners and other erudite people and develop sound strategies for medicinal plant cultivation to sustain the traditional healthcare system. • 38 N, 77
Study area
• 49 -80
• 6 E) is a newly formed hill state located in the central part of the Indian Himalayas. The state of Uttarakhand encompasses an area of 53,483 km 2 , which accounts for nearly 15.5% of the total geographical area of Western Himalayas and 1.63% of the total land area of India, along with population density of 159 persons km -2 with a total population of 8.5 million people (Nandy et al. 2006) . The study area falls under Govind Pashu Vihar Wildlife Sanctuary in Uttarkashi district of Uttarakhand (Figure 1 ). The sanctuary contains 42 villages, at altitudes of 1290 m to 3500 m a.s.l. Thus, the area has significant value as a major watershed for the River Yamuna, which is a very important river for the Indo-Gangetic plains. Vegetation varies according to Figure 1 . Map of the study area. Source: Negi (2009 (Negi 2009; Negi et al. 2009 ). The people living in these villages are by and large poor, lead a traditional life, are known as 'Parvati', and follow their own culture and community life.
Methods

In-depth baseline survey
A rapid rural appraisal survey was conducted in all villages of the Govind Pashu Vihar Wildlife Sanctuary selected for the study between altitudes of 1290-3500 m. Because the selected villages are heavily dependent (70%) on the traditional healthcare system, more than 48 Vaidhyas and 500 families were involved in the interviews in order to document their knowledge about traditional healthcare. In addition, four basic approaches were adopted to obtain detailed information regarding indigenous knowledge prevalent among inhabitants of the region and mode of practicing that knowledge.
Interview-based approach
Structured and semi-structured questionnaires related to the use of plants for different diseases were developed. A herbarium of plants used by local people was developed and visits to forest sites were made with herbal healers and other knowledgeable people for identification of specific plants. Vaidhyas, elders and women were consulted regarding the use of a specific plant and its medicinal uses, and this was checked during discussions with other knowledgeable people and confirmed accordingly for authenticity of both plant material and appropriate use in traditional healthcare in the study area.
Inventory-based approach
Plant specimens were collected, identified by vernacular name and traditional use during frequent interviews with the local people. The head, elders and women of each household were interviewed in order to understand the dependence of people in the area on herbal and allopathic treatments. The respondents were categorised into three income groups, namely, rich, medium and poor, on the basis of annual income and landholding.
Interactive discussions with stakeholders
Various meetings/discussions at village level were organised with different age groups of men and women above 20 years of age. Vaidhyas, local school teachers and local knowledgeable people were invited to discuss and share their views of different uses of medicinal plants, methods and periods of collection and their conservation strategies and the fate of the traditional healthcare system. Questionnaires developed by the authors were completed by participants and deposited with the authors. The frequency of plant use for various purposes was also documented on the basis of the results and feedback obtained from participants through questionnaires. Information on different compositions of medicines prepared to cure ailments was obtained from Vaidhyas of the studied villages. For authentication, the collected information was matched with available literature. Fresh samples of the species were collected and identified with the help of research papers, local floras and taxonomists (Badoni 1988; Jain and Saklani 1991; Gaur 1999; Kumar 2002; Bahuguna 2006; Phondani et al. 2010 ). All the preserved specimens were deposited in the G.B. Pant Institute of Himalayan Environment and Development, Garhwal Unit, Srinagar, Uttarakhand, India.
Status of medicinal plant cultivation
A survey was conducted to collect information regarding medicinal plant cultivation and potential species for cultivation in the area. Availability of medicinal plants for past 10 years in the region was assessed.
Results
The inhabitants of villages in Govind Pashu Vihar Wildlife
Sanctuary use a number of medicinal plants for treatment of various diseases. People preferred to consult Vaidhyas to diagnose their problem, despite their own knowledge of some medicinal plants. There are more than 12 Vaidhyas practicing medicinal plant cultivation on a small scale in the region. A total of 33 plant species in 32 genera and 28 families are used traditionally for treatment of more than 28 diseases in the region. Methods of using these plants vary according to the nature of the disease; a decoction of leaves, stems, fruits and roots was the dominant form for treatment. The availability of most plants has decreased in their natural habitats (Table 1) . Among the plants, there were trees (27.30%), shrubs (15.20%), herbs (54.50%) and fungi (3%) (Figure 2 ). In terms of utilisation of the species, roots (27.3%), leaves (24.2%), flowers (6.1%), fruits (15.1%), bark (18.2%), seeds (3.0%) and whole plants (6.1%) were used by local inhabitants for various diseases ( Figure 3 ). The frequency of plant species to cure a particular disease was also estimated and a maximum of 10 plants were used to cure stomach disorders; 8 for fevers, boils and wounds; 5 for cuts and skin disease; 4 for ulcers, rheumatism, jaundice, arthritis and menstruation; 3 for cough and vomiting; and 2 for snakebite, toothache, burns, muscular pain, bleeding and cancer (Figure 4 ). Many progressive farmers in the study villages were interested in medicinal plant cultivation and registration with government agencies for cultivation and marketing of medicinal plants as crops. In this process, farmers can benefit from government schemes for medicinal plant cultivation such as loans, subsidies, good-quality planting material and training in appropriate cultivation practices, while also being free from involvement of middlemen. They can cultivate most kinds of crop, including medicinal plants, but not crops banned for cultivation by the government. There is a ban on illegal collection of medicinal plants from the sanctuary area, not for cultivation. Cultivation of medicinal plants is also promoted by the authorities of the sanctuary by providing subsidies and short-term loans to the villages, and there is no limitation by the sanctuary authorities on cultivation of crops in their agricultural land. The high-altitude villages of the area have a conducive climate for cultivation of medicinal plants since the area has high snowfall and rain, but because of a lack of proper cultivation knowledge, institutional support and planting material, various schemes for medicinal plant cultivation provided by the government are taken up by only a few families. Medicinal plants like Saussurea costus, Swertia chirayta, Dactylorrhiza hatagirea, A. heterophyllum, P. kurrooa, Carum carvi, Angelica glauca and N. grandiflora are still cultivated on the fringes of the forest (encroached land) and agricultural land by people in some studied villages in the sanctuary. The cost-benefit analysis of cultivation of some important medicinal plants in Uttarakhand is presented in Table 2 . The question-based survey on perceptions of local people indicated that the availability of medicinal plants has decreased over the past 10 years. Most plants that were available near a village periphery are now confined to the forest ecosystem and alpine meadows. At present, resource-poor people in the region collect plants from the wild in order to complement their meagre incomes and for treatment of various diseases. Due to continued collection and increasing market demand, numerous plant species are under threat (Table 1) . On the basis of people's perception, it was found that some plants have disappeared from land surrounding the villages due to land-use disturbance, heavy livestock grazing, changing climate and illegal harvesting. People also considered that there was no difference in healing effect between medicinal plants collected from the wild or from cultivated sources.
Discussion
Documentation of indigenous knowledge
People in the studied villages use many plant species collected from the wild as medicine in the traditional healthcare system. There are no management conflicts pertaining to collection of medicinal plants in the sanctuary because people only collect small quantities, but collection inside the core zone is prohibited. The traditional values, faith and indigenous knowledge of the healthcare system of the present society face serious challenges due to migration of young people to cities, and these urban migrants tend to undermine their own cultural beliefs and knowledge of the traditional healthcare system, as also found in other parts of Himalayas (Maikhuri et al. 1998b; Kala 2000; Kala et al. 2005; Nautiyal et al. 2005; Kala 2007; Phondani et al. 2010) . In remote areas, where the majority of the old generation particularly women are less educated, they still possess much knowledge and deep understanding of traditional healthcare. Older people possess more indigenous knowledge of medicinal plants compared with the young. The effectiveness of medicinal plants also varies between groups (young/old) and is more effective among younger people. The method for using these plants varies among age groups according to the nature of the disease and specific dose (Phondani 2010) . Knowledge of medicinal plants used is mainly restricted to local healers, and it is very important to document this knowledge for future generation, otherwise it will vanish forever. Throughout the region there is an urgent need to support, safeguard and promote cultural and spiritual values of traditional medicines. These medicinal plant species collected by the local people from various locations, for example, kitchen gardens, agriculture fields and the wild, in a particular time/season is based on socio-cultural and religious practices and they are used as per the methods prescribed by Vaidhyas. For example, Vaidhyas provide effective cures for ailments using A. heterophyllum collected on Onsh (no moon day of the waning fortnight) to cure fever and stomach ache. In order to maintain and strengthen the traditional healthcare system, the Vaidhyas took a keen interest in developing an association with the Garhwal unit of the G.B. Pant Institute of Himalayan Environment and Development for facilitating the main stakeholders and providing an appropriate platform for developing an association, called Paramparik Gramin Chikitsak Sabha, Gopeswar, Uttarakhand. This association also plays an active role in revitalising the traditional healthcare system and conservation of natural medicinal plant resources on which Vaidhyas depend for curing ailments, and sharing and protecting the rights of rural communities over indigenous knowledge (Phondani 2010) . Therefore, there is a need to develop an appropriate mechanism for benefits sharing and to protect the rights of rural communities over indigenous knowledge of medicinal plants used in their healthcare system, not only in this area but in the entire Himalayan region.
Cultivation and conservation of medicinal plants
Medicinal plants are indispensable for the sustainability of traditional healthcare systems (Kandari 2005) . The medicinal plant sector can provide an important source of income to rural inhabitants. At present, resource-poor people of the region collect plants from the wild to complement their meagre income. Besides illegal collection, there were many other threats, such as land-use disturbances, heavy livestock grazing and changing climate conditions. Collectors of medicinal plants are primarily interested in increased incomes over a short time and have no concern for plant sustainability. The reduction of grazing rights in forests and meadows may enhance plant diversity and ecosystem functioning if grazing pressure is intense . If disturbances caused by traditional resource uses are moderate, diversity may decline following abandonment of such uses and recuperation of lost diversity may be a very slow and costly process (Kotiluoto 1998; Stampfli and Zeiter 1999) . In the Johar valley in Pithoragarh district of Uttarakhand, collectors reported that 5 years ago they were able to collect about 200 g of dry Atish (A. heterophyllum) in 1 day, but now they collect less than 70-100 g day -1 (Belt et al. 2003; Alam and Belt 2004) . The conversion of socio-cultural traditions and indigenous knowledge into livelihood means and economic opportunities also has the advantage of preserving rapidly eroding cultural knowledge and practices, which are increasingly threatened due to globalisation and homogenisation of people (Nautiyal et al. 2005) . Similarly, in other parts of Uttarakhand, due to favourable climatic and soil conditions in villages of sanctuary, medicinal plant cultivation has great potential for employment generation, if undertaken properly. As farmers of the area are well aware of the use and value of medicinal plants, 10-12 species are being cultivated in their kitchen gardens by the Vaidhyas in high-altitude villages to meet their own requirements and to earn cash by offering treatments in the villages. Farmers need to be encouraged to grow species that have economic potential and are rare and endangered to ensure sustainability of the ecosystem Kala 2007 ) and rejuvenation of traditional healthcare in the region.
Linkages of various institutions in medicinal plant cultivation
Medicinal plant cultivation is required to sustain the traditional healthcare system, and various institutions working in the area of medicinal plant cultivation, for example, the Forest Department, Forest Research Institute University, Dehradun; High Altitude Plant Physiology Research Centre, Srinagar, Garhwal; G.B. Pant Institute of Himalayan Environment and Development, Almora; Wildlife Institute of India, Dehradun; Uttarakhand Parvatiya Aajeevika Savardhan Componey, Dehradun; National Bureau of Plant Genetic Resources, Bhowali; Central Institute of Medicinal and Aromatic Plants (CIMAP), Nagla; and Herbal Research and Development Institute (HRDI), Gopeshwar. These all help in medicinal plant cultivation through programmes for developing and disseminating cultivation technologies, setting up nurseries to propagate and supply planting material to farmers, training farmers and providing loans and subsidies linked to cultivation of medicinal plants for sustainable development. HRDI is a state government institution set up for promotion, conservation and cultivation of medicinal plants. Currently, HRDI and High Altitude Plant Physiology Research Centre promote medicinal plant cultivation in the Govind Pashu Vihar Sanctuary through disseminating cultivation technologies, supplying planting material to the farmers and conducting research and training programmes for interested farmers. Therefore, interested/progressive farmers of the region are benefited from these institutions in terms of knowledge of cultivation and planting material, not only to sustain the traditional healthcare system in the region, but also as a viable livelihood option. Besides these institutions, NGOs like the Society for Himalayan Environment Research also play a role as catalyst in agricultural diversification of medicinal plants in the sanctuary villages through a 'learning by doing' approach. HRDI provides loans and subsidies for cultivation of medicinal plants and also has registered farmers for cultivation of medicinal plants so that they can market their crops with the help of the institute without involvement of middlemen.
Below are some recommendations for promotion of medicinal plant cultivation and conservation for sustainability of traditional healthcare in the sanctuary:
• Medicinal plant cultivation on restored lands could be encouraged under a management action plan to increase people's participation and improve the local economy.
• Proper documentation of ethnobotanical/indigenous knowledge of medicinal plants.
• Domestication of medicinal plants for kitchen gardens, which may help to meet the requirements of local Vaidhyas.
• Appropriate policy reorientation for marketing while promoting the cultivation of medicinal plants, particularly in higher Himalayan villages and around protected areas, as suggested previously (Maikhuri et al. 1998b; Nautiyal et al. 2005 ).
• Strengthening traditional techniques of medicinal plant cultivation through promoting cost-effective and appropriate technology, that is, polyhouse, nethouse, vegetative propagation, organic farming (Kandari 2005) .
Conclusion
Since knowledge of medicinal plants being used is confined mostly to local herbal healers, it is of utmost importance to document this knowledge for future generations because information on the use of plants for therapeutic purposes has been passed from one generation to the next through oral tradition. This knowledge of therapeutic plants has started to decline and become obsolete due to the lack of recognition by younger generations as a result of a shift in attitude and ongoing socio-economic changes. In this process, the knowledgebase that accumulated over generations has also been swept away. Both biological diversity and traditional knowledge are inextricably interlinked, and the loss of one leads to erosion of the other. In spite of various policy measures, excessive and illegal gathering of medicinal plants persists, with collection of species considered endangered and which is prohibited by law, to obtain higher incomes in the short term with little concern for sustainability. As a result, there has been a negative impact on biodiversity of medicinal plants and the traditional healthcare system of the region. Therefore, cultivation of medicinal plants to sustain the traditional healthcare system throughout Uttarakhand State is essential through strong policy implementation. If interested farmers are registered with HRDI or other government agencies and offered the benefits of loans, subsidies, better planting material, better practices of cultivation and harvesting technology, the medicinal plant cultivation and traditional healthcare system will become the part of their livelihood. There is a need to organise extension activities for farmers through demonstrations and training programmes on cultivation practices and marketing knowledge of medicinal plants.
